Endometrial atypical hyperplasia (EAH) is a precancerous stage of endometrial cancer (EC). It mostly occurs in postmenopausal women, and surgery is usually the first treatment choice. However, conservative therapy is often demanded by young patients with EAH, who desire to conceive or are unwilling to undergo surgery.
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www.ejgo.org 215 from 6 to 18 months [7, 8] . Moreover, in some studies, a high response rate was achieved by using high doses of progestins, such as MPA at 500 to 1,000 mg/day or MA at 80 to 400 mg/ day [5] . High doses of progestins and long treatment periods may affect the compliance of patients and produce unwanted side effects. There is an urgent need for better therapeutic regimens that are more effective in a shorter time. We found that EAH has an intimate relationship with insulin resistance and metabolic disorder. In addition, a low body mass index of <35 kg/m 2 was found to be related to a high resolution rate in EAH patients receiving progestin treatment [7] . Furthermore, case reports show that EAH patients with no response (NR) to progestin therapy could achieve complete reversal when metformin was added [9] [10] [11] . Moreover, metformin, as an insulin sensitizer, has been found to potentially reduce the incidence of cancer, including liver, pancreas, colorectal, and breast cancer, as well as the mortality of cancer, including liver and breast cancer, in a meta-analysis [12] . In addition, Campagnoli et al. [10] suggested that metformin acts as a preventive agent against EC by inhibiting cancer cell proliferation, and their results also suggested that metformin might be a potent agent for treating EAH. However, clinical evidence of the efficacy of metformin for treating EAH remains unclear. Therefore, we performed a pilot study to examine the efficacy of metformin for treating EAH by comparing the efficacy of metformin plus MA (MET) with that of MA alone in EAH patients.
MATERIALS AND METHODS

Study design
This was a controlled, single-blinded, prospective cohort study performed between August 2012 and January 2013 on outpatients of the Obstetrics and Gynecology Hospital of Fudan University. In this pilot study, we analyzed only those patients who presented to the hospital during the abovementioned study period. This study was approved by the Ethics Committee of the Obstetrics and Gynecology Hospital of Fudan University. All patients signed informed consent before participating in this research and randomization. The enrolled patients were followed for 3 months.
Participants
Patients who were diagnosed with EAH (aged ≤45 years), had a desire for preservation of fertility, and met at least one metabolic syndrome (MS) criterion were enrolled [13, 14] . The MS criteria were as follows: (1) elevated waist circumference (WC): WC ≥80 cm for Chinese women; (2) elevated triglycerides (TGs; drug treatment for elevated TGs is an alternative indicator): TGs ≥150 mg/dL; (3) reduced high density lipoprotein cholesterol (HDL-C; drug treatment for reduced HDL-C is an alternative indicator): HDL-C <50 mg/dL in female; (4) elevated blood pressure (antihypertensive drug treatment in a patient with a history of hypertension is an alternative indicator): systolic pressure 130 mm Hg and/or diastolic pressure 85 mm Hg; and (5) elevated fasting blood glucose (FBG; drug treatment for elevated FBG is an alternative indicator): FBG ≥100 mg/dL. In addition, presence of any three of the five risk factors constituted a diagnosis of MS.
All patients were pathologically diagnosed on the basis of the criteria reported in a previous study [15] . Atypical hyperplasia is characterized by cells with nuclear atypia, loss of polarity, and an increase in the nuclear/cytoplasmic ratio. The nuclei are enlarged and irregular in size and shape, with coarse chromatin clumping, a thickened irregular nuclear membrane, and prominent nucleoli.
All patients received endometrial dilation and curettage (D&C) because of menstrual disorder or abnormal vaginal bleeding lasting from a week to several months. Pathological diagnosis of the endometrial curettage samples was confirmed by at least two experienced gynecological pathologists (at least one deputy chief pathologist) at the Obstetrics and Gynecology Hospital of Fudan University. If their opinions differed, a seminar was held in the pathological department for the final diagnosis. Four pretreatment pathological cases from another hospital were also confirmed by at least two experienced gynecological pathologists at our hospital, as described above.
Transvaginal ultrasonography and pelvic examination were performed to exclude the presence of other possible lesions in the reproductive system. The exclusion criteria were alcoholism, pregnancy, severe infection, complicated clinical diseases (dysfunction of the heart, liver, lung, and kidney), severe cardiovascular diseases, allergy history for MA or metformin, thrombosis, or breast cancer history, other malignancies of the reproductive system or EC, and other contraindications of MA or metformin treatment. Previous hormonal treatment was also not allowed.
Data collection
Data on age, WC, blood pressure, and history of diabetes, hyper tension, and thrombus were collected. Blood tests, including TG, HDL-C, FBG, and liver and renal function tests, were performed at 8:00 AM after fasting the night before the start of treatment. Liver function tests included alanine aminotransferase, aspartate aminotransferase, glutamine transaminase, lactate dehydrogenase, alkaline phosphatase, total bilirubin, direct bilirubin, total bile acid, total protein, albumin, and globulin. Renal function tests included urea 216 www.ejgo.org nitrogen, uric acid, and creatinine. Liver and renal functions were reevaluated after 3 months of treatment. All blood tests were performed using a Hitachi fully automatic biochemical analyzer (Hitachi, Tokyo, Japan), and tests were repeated when the values exceeded the reference values.
Estrogen receptor (ER) and progesterone receptor (PgR) expressions were examined by pathologists in our hospital before and after the therapy, and four patients had no relevant information because they received their pretreatment pathological diagnoses at other hospitals. Immunohistochemical staining was semiquantitatively scored according to the percentage of positive cells: 0, ≤5%; 1+, 6% to 25%; 2+, 26% to 50%; 3+, 51% to 75%; and 4+, 76% to 100% [16] .
Adverse effects were recorded during the entire followup period, including thrombosis, lactic acidosis, abnormal liver and renal function, and other toxicities or complaints. In addition, relapse following therapy, treatment response, and fertility situation were followed up.
Treatment and evaluation
Patients were randomized into two groups. Patients who received 160 mg of oral MA daily were established as controls and are hereafter referred to as the MA group. In the study group, each patient received the same dose of MA plus 0.5 g of oral metformin thrice daily; this group is hereafter referred to as the MET group.
Treatment response was assessed by histological examination of the D&C specimens obtained after 12 weeks. The responses were classified into three categories. CR was defined as the reversion of EAH to proliferative or secretory endometrium. Partial response (PR) was defined as the regression of EAH to simple or complex hyperplasia without atypia. NR was defined as the persistence of EAH, and progressive disease (PD) was defined as the appearance of EC in EAH patients. After reconfirmation of normal liver and kidney function, use of oral contraceptives for 12 weeks was recommended in patients with CR. The same treatment was repeated for another 12 weeks in patients with PR. Patients with NR chose to either follow the same protocol for another 12 weeks or undergo an operation. Operation was recommended for PD patients. In this study, 12 weeks was set as an endpoint; therefore, data collected after the endpoint, which are included in another study, are not shown.
Statistical analysis
Nonparameter tests (two-sample Mann-Whitney test) were performed using IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA). A value of p<0.05 was considered statistically significant. A comparison of response rates was performed between the MA and MET groups. In addition, we compared the efficacies of the two therapies in the presence or absence of MS in patients.
RESULTS
General characteristics of the patients
Thirty patients were enrolled initially, and 16 patients were included in the final analysis (Fig. 1) . Of the 30 patients, 16 completed 12 weeks of therapy, and 14 were excluded, which consisted of eight patients who chose to undergo an operation and were remitted, three patients who were lost during follow-up, and three patients who had incomplete data (no blood test results available). Each group included eight patients. Table 1 lists the general information of the 16 patients. The mean age of the patients was 35.2±5.8 years (standard deviation, SD). The mean ages of the MA and MET group patients were 34±7.1 and 36.4±4.2 years, respectively. There was no statistically significant difference in age distribution between the two groups (p=0.433). All patients were married, and 37.5% of the patients (6/16) had a history of infertility. Furthermore, 50% of the patients (8/16) met the MS criteria, and 50% of the patients (4/8) had MS in both the MA and MET groups.
Comparison of treatment response between the MA and
MET groups Of the 16 patients, 50% (8/16) had CR, 12.5% (2/16) had PR, and 37.5% (6/16) had NR. No patient displayed PD ( Table 1) . The response rate seemed better in the MET group than in the MA 
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group, although the p-value was above 0.05 (p=0.105). Based on the response distribution, the MET group had a higher CR rate than did the MA group (75% vs. 25%). Moreover, the MET group had lower PR and NR rates than did the MA group (PR rates, 0% vs. 25%; NR rates, 25% vs. 50%, respectively) (Fig. 2) . As shown in Table 2 , ER and PgR expression in the endometrium in patients showed hardly any obvious differences before and after therapy. In addition, no severe side effects were observed during the 12 weeks of therapy. Only three patients receiving metformin experienced slight nausea, which was relieved without intervention and had no effect on metformin administration and subsequent therapy.
Evaluation of therapeutic effects in MS patients
MS had no effect on metformin therapy in EAH patients with metabolic disorder in this study. On the basis of whether MS was present, we compared the treatment efficacies between the MET and MA groups (Fig. 3) . Regardless of whether MS was present, the MET group showed the same CR rate of 75%, which was higher than that of the MA group. When MS was present, the CR rate of the MA group was 50%, and the pvalue was 0.495 when the response condition was compared between the two groups. The CR rates of patients without MS were 75% and 0% in the MET and MA groups, respectively, and there was no significant difference in response distribution between the groups (p=0.127).
Follow-up
Through January 2014, no relapse occurred in the eight CR patients; one PR patient was lost, whereas another had CR after subsequent progesterone therapy and delivered a healthy child. Of the six NR patients, two achieved CR after follow-up treatment, and two showed no improvement and chose to undergo an operation; the other two patients were lost. 218 www.ejgo.org
DISCUSSION
In our study, adjunctive metformin therapy outperformed MA monotherapy in the fertility-sparing treatment of EAH patients. The therapeutic trend is clear, although the p-values were above 0.05. Statistical power calculated by power analysis was 0.518, which suggests that the limited number of patients in this study may have contributed to the insignificant p-values. However, although this was just a pilot study with a limited number of patients, the adjunctive metformin CAH, complex hyperplasia with atypia; CH, complex hyperplasia without atypia; CR, complete response; MA, megestrol acetate; MET, metformin plus MA; NR, no response; PE, proliferative endometrium; PR, partial response; SE, secretory endometrium. *Staining distribution (percentage positive cells): -, ≤5%; 1+, 6%-25%; 2+, 26%-50%; 3+, 51%-75%; and 4+, 76%-100% (all reactions exhibited moderate to strong staining intensity). † Primary pathologic diagnosis was done in other hospitals and confirmed by pathologists in our hospital, all of which the expression of hormone receptors were missed. www.ejgo.org 219 therapy had a higher CR rate than did the MA monotherapy in EAH patients, which may suggest that adjunctive therapy is worthy of further study in a large number of patients.
Our study showed that after 12 weeks of therapy, the CR rate of the MET group was 75%, which was higher than that (25%) of the MA group, and the CR rate was similar to the resolution rate (approximately 70%) with different doses of MPA (500 to 1,000 mg/day or MA at 80 to 400 mg/day) reported in most studies, but the resolution time was shorter (3 months vs. 6 to 18 months) [1, 6, 7, [17] [18] [19] . There are also reports of a higher CR rate with a long follow-up period in EAH treatment. One study reported an 85.6% regression rate in EAH patients, and the median follow-up time varied from 11 to 76.5 months [6] . Another study reported an 84.2% CR rate after a 5-year followup. Moreover, in a study by Ushijima et al. [5] , all EAH patients achieved resolution with a fixed daily dose of 600 mg of MPA after 26 weeks. There are two factors that possibly contributed to the high CR rate in that study. One was that hysteroscopy was chosen for efficacy evaluation and assessment after treatment, which is better than D&C for examining and selecting endometrial lesions for pathological diagnosis. The other factor was that a high dose of MPA was used. However, adverse effects including weight gain, liver dysfunction, and abnormal blood coagulation were observed in that study [5] . Given the treatment periods and potential adverse effects, our study showed superior results of adjunctive metformin therapy with a 75% CR rate in only 3 months, which suggests that adjunctive metformin therapy might be a better choice than MA monotherapy for treating EAH patients. However, because our study has a limited number of patients, the efficacies of the therapies should be examined in a larger population. We also found that the presence or absence of MS had no effect on the efficacy of adjunctive metformin treatment in EAH patients who met at least one MS criterion in our study. Both patients with and those without MS had a higher CR rate in the MET group than in the MA group. Because the number of patients in this study was limited, these effects need to be further verified in a study with a larger number of patients. No irreversible side effects were detected during the entire course of our study, which further implies that adjunctive metformin is safe and potent for the treatment of EAH patients. As an oral antidiabetic drug, metformin is usually prescribed for type 2 diabetic patients. In recent years, it has been well demonstrated to be safe and beneficial for the treatment of nondiabetic patients with cancers [10, 12] , polycystic ovary syndrome [20] , and other diseases [21] .
In addition to its positive role in the amelioration of endometrial response to progestins in vivo, metformin has been demonstrated to have multiple effects. Metformin may affect endometrial pathology by upregulating PgR expression [22] , downregulating glyoxalase I expression [23] , modulating the mammalian target of rapamycin pathway, and blocking the epidermal growth factor signaling pathway to inhibit cell proliferation and improve progesterone therapy [24] . Clinically, metformin can improve MS and lower insulin and testosterone levels [10] . We believe that it may also work in EAH treatment; however, further research is needed.
Our study has some limitations, one being the limited sample size. More patients and a longer follow-up period are required. In addition, data on pregnancy outcomes, long-term side effects, and the association between insulin metabolism and therapeutic effects are still unclear and need to be examined in a larger population.
In conclusion, MET may be a potential alternative treatment for EAH patients. The presence or absence of MS may have no effect on the efficacy of adjunctive metformin therapy in EAH patients with metabolic disorders.
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